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pump speed, rpm 
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pump flow coefficient (K, 

AH 
pump head coefficient (K2 -$ ), 

suction specific speed, 

N P S H ~  

net positive suction head at pump inlet 
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A PERFORMANCE INVESTIGATION OF AN EIGHT-INCH 
HUBLESS PUMP INDUCER IN WATER AND LIQUID NITROGEN 

INTRODUCTION 

A pump inducer concept in which the blades are attached to a rotating 
shroud was introduced by Worthington Corporation in 1958. Initial testing of a 
small  inducer by Worthington was sufficiently encouraging to warrant awarding 
a contract for further investigation under the NASA propulsion technology pro­
gram. The resul ts  of the effort are reported in  Jekat [ I]. This contract called 
for the delivery of a large-diameter inducer to NASA for evaluation. The re­
sults of the evaluation of the 8-in. inducer are reported herein. 

During the period from September 1964 to June 1965 a series of tests 
was conducted at Marshall Space Flight Center on this hubless inducer. The 
inducer was  tested in conjunction with a shrouded centrifugal impeller, a con­
figuration approximating that commonly found in rocket engine propellant pumps. 
Tests were conducted in  water and liquid nitrogen. The objectives of the program 
were to evaluate the cavitation performance and general characterist ics of the 
inducer. 

INDUCER DESIGN AND CONFIGURATION 

The concept of the hubless inducer (Fig. 1) as cited in Jekat [ 11 is that 
vane friction may be used to generate head and that friction alone does not pro­
mote cavitation. Hence, the blade surface was purposely made large,  resulting 
in a large inducer inlet diameter. 

The purported advantages of the hubless design are 

I.the elimination of tip vortices, (This is possible because of the ef­
fective seal that can be made between the blade shroud and casing.), 

2. the centrifuging effect upon cavitation bubbles, which, due to their 
light mass ,  causes them to be forced to the center of the inducer where they 
collapse harmlessly, 
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measured by the turbine flowmeter and redundantly calculated by measuring the 
AP across  the flow control orifice. Thermocouples were located in the suction 
line and pump discharge line. Pump speed was recorded digitally to an accuracy 
o f f  Irpm. 

TEST PROCEDURE 

Twenty-five tests were accomplished during the test program. Testing 
began using de-ionized water with a nominal flowrate of 2400 gpm at 6500 rpm 
and was increased in 200-gpm increments to 4000 gpm while holding the speed 
constant. One test was also run at 2650 gpm and 4500 rpm. 

Al l  tests were started with a minimum NPSH of 60 ft, which diminished 
with the decrease in liquid level and tank pressure.  A 10 percent decrease in 
developed head of the pump constituted the end of the test. 

DISCUSSION OF RESULTS OF WATER TESTS 

A normalized curve of the developed head versus  flowrate is illustrated 
in Figure 7. The pump developed about 13 percent less head than the design 
value and was 11percent less efficient than the design value. Also plotted in 
Figure 7 is efficiency versus  flow coefficient. 

The developed head versus  NPSH a t  6500 rpm and 4500 rpm is shown in 
Figures 8 and 9 ,  respectively. The hubless inducer exhibited good suction per­
formance over the entire flow range tested. NPSH a t  2 percent head loss  varied 
from 9. 8 f t  a t  2610 gpm to 24. 6 f t  at 3960 gpm (Fig. 1 0 ) .  Suction specific speed 
values varied from 50 800 to 37 200 over  the range of flow coefficients tested and 
are shown in Figure 11. 

High-amplitude, low-frequency inlet and discharge pressure oscillations. 
characterist ic of cavitating pump inducer systems were observed at all lower 
than design flowrates. A t  design flowrates and higher, the low-frequency oscil­
lations were observable, however, the amplitude was severely diminished. 
Oscillation frequency was apparently dependent upon NPSH and flowrate as is 
observed from the data plotted in Figure 12. Amplitude of the oscillations as 
a function of the same parameters  is plotted in Figure 13.. The amplitude of the 
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Figure 15 is a graph of the developed head versus  NPSH for five dif­
ferent flowrates. NPSH values at 2 percent head loss  ranged from I .  I f t  at a 
nominal flowrate of 2200 gpm to 21.3 f t  at 4000 gpm. A plot of these values can 
be  seen in  Figure 16. 

Figure' 17 shows the dimensionless parameter of suction specific speed 
versus  flow coefficient. Suction specific speed values at 2 percent head loss 
ranged from 286 000 to 40 000 over the flowrange tested. 

During the analysis of the water data, a discrepancy was noted between 
the volumetric flowrate recorded by the flowmeter and that calculated from the 
orifice AP. It appeared that the flowmeter reading w a s  probably a good 
indication of the actual volumetric flowrate through the inducer since its value 
was higher than calculated for  the orifice, thus showing the increased flowrate 
caused by air coming out of solution at low inlet pressures.  The same dis­
crepancy was noted in the nitrogen data, however, and the idea of air coming 
out of solution was discredited. The most logical explanation for this incon­
sistency was that the turbine flowmeter was cavitating at low inlet pressure.  
Therefore all  flow data are based upon the calibrated curves of the various 
orifices.  

A point which deserves some mention here is the increase in developed 
head as NPSH is reduced. This slope is unusual and no explanation can be of­
fered at present except to say that there  is an apparent improvement in  the flow 
field through the pump at low NPSH values perhaps caused by some blade sur­
face phenomenon which reduces the fluid friction. 

Premature cavitation was encountered in the tes ts  immediately following 
a pump overhaul. Final inspection of the pump after these tes ts  revealed an 
oversized clearance between the inducer and wear ring. This clearance was 
machined when inspection revealed that the Ke l -F  wear ring had cold flowed and 
appeared to bind the inducer. Upon reassembly, the wear ring did not contract 
to the degree expected, leaving a large clearance between the inducer and the 
wear ring. This clearance allowed considerable back flow which disturbed the 
inducer inlet flow. 

CONCLUSIONS 

The cavitation performance of the hubless inducer has been evaluated, 
and parameters  at cavitating and noncavitating conditions have been defined in 
de-ionized water and liquid nitrogen. 
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Analysis of the water data indicated the cavitation performance of the 
inducer was at least  equal to the state-of-the a r t  over a wide operating range. 
Pump efficiency and developed head was slightly lower than expected. The 
liquid nitrogen tests results were slightly lower than expected from the stand­
point of lowering NPSH requirements, but were encouraging with respect to 
the objectives achieved through hardware modifications, namely the increased 
efficiency. 

The critical NPSH, or NPSH at 2 percent head loss,  appeared to be 
highly dependent upon the inducer to casing clearance. This was evidenced by 
the fact that the premature cavitation runs occurred when the large shroud-
casing clearances were  present. 

George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 

Huntsville, Alabama, October 14, 1966 
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FIGURE I.HUBLESS INDUCER - FRONT VIEW 
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FIGURE 2. HUBLESS INDUCER DATA 

7 


I 




FIGURE 3. PUMP TEST FIXTURE 


FIGURE 4. PUMP IMPELLER AND INDUCER 
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FIGURE 5. PUMP TEST FACILITY SCHEMATIC 
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FIGURE 6. PUMP TEST FACILITY 




.70 


3 
65 

60 

.55 

.50 

.45 

.60 

+ .55 

.50 

.45 

O D a t a  Taken a t  6500 RPM 
a D a t a  Taken a t  4500 RPM 

Ref. NPSH = 60 F t  
T e s t  F lu id  - H20 

.06 .07 .10 .ll 

FIGURE 7 .  HEAD COEFFICIENT AND EFFICIENCY VERSUS 
FLOW COEFFICIENT (WATER TESTS) 

.I I1 



I 

1800 

1700 


1600 

LI
P. 


4 
1500 


$B

8 

1400 

J 
0 10 20 30 40 50 60 70 

Positive Suction Head - Ft 

FIGURE 8. DEVELOPED HEAD VERSUS NPSH 
A T  6500 RPM (WATER TESTS) I 

710 

740 


710 


m. 

a
B Data C o r r e c t e d  to 4500 RPH 
8 T e s t  F l u i d  - HZO 

6803
3 
6

d 

650 
0 10 20 30 40 50 60 70 

N e t  Positive Suction Head - Ft 
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FIGURE 10. NPSH A T  2 PERCENT HEAD LOSS VERSUS 
FLOWRATE (WATER TESTS) 
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FIGURE 12. INLET OSCILLATION FREQUENCY VERSUS NPSH 

(WATER TESTS) 


I 



.Oh .07 .08 .09 .10 .I1 

NPSH - f t  

FIGURE 13. INLET OSCILLATION FIGURE 14. HEAD COEFFICIENT AND 
AMPLITUDE VERSUS NPSH EFFICIENCY VERSUS FLOW 

(WATER TESTS) COEFFICIENT (LIQUID NITROGEN 
TEST) 




1800 


1700 


LI 1600 
k 
I 


4 

m

3 1500 

; 
4 


1400 


0 10 20 30 40 50 60 70 


Net Positive Suction Head - Ft 

FIGURE 15. DEVELOPED HEAD VERSUS NPSH A T  
6500 RPM (LIQUID NITROGEN TESTS) 

FIGURE 16. NPSH AT 2 PERCENT HEAD LOSS VERSUS 
FLOWRATE (LIQUID NITROGEN TEST) 

17 




I I I 

Data taken a t  6500 RPM and 2% Headloss 

Ref. NPSH = 60 f t  

T e s t  Fluid  - LN2 


280 000 


240 000 

200 000 

160 000 

0 

120 000 


Nss 


80 000 


40 000 

.o 

FIGURE 17. SUCTION SPECIFIC SPEED VERSUS FLOW 
COEFFICIENT (LIQUID NITROGEN TESTS) 

18 




REFERENCE 


I. 	 Jekat, W. K. : The Worthington Inducer. Contract NAS8-2680 Final Report, 
Feb. 20, 1964. 

NASA-Langley, 1967 M345 19 


I 




I 


“The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl­
edge of phenomena in the atmosphere and space. The Administration 
shall provide f o r  the widest practicable and approptiate dissemination 
of information concerning its actiuitieJ and the results thereof.’I 

-NATIONAL AND SPACE ACTOF 1958AERONAUTICS 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless 
of importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri­
bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Technical information generated in con­
nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles. 

SPECIAL PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results .of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Washington, D.C. PO546 



